ABSTRACT
Streamflow in the Tularosa Basin, New Mexico, infiltrates into alluvial-basin aquifers at or near mountain fronts. Streamflow at or near mountain fronts is a substantial component of potential recharge to these aquifers. Streamflow response from precipitation differs substantially between the streams draining the Sacramento Mountains on the eastern side of the basin and those draining the San Andres Mountains on the western side.
Mean annual Streamflow at mountain fronts that is available for potential recharge to the Tularosa Basin was estimated using two regional regression methods. The method for estimating mean annual Streamflow using basin-climatic characteristics was applied to 46 subbasins in the Tularosa Basin. Drainage areas for the subbasins ranged from 0.87 to 157 square miles, and mean annual precipitation ranged from 11.80 to 24.89 inches. Mean annual Streamflow to the basin is estimated to be about 95 cubic feet per second or 68,800 acre-feet using the basin-climatic characteristics method. The method for estimating mean annual Streamflow using channel-geometry characteristics was applied to 12 subbasins in the Tularosa Basin. Of the 46 basins, 31 had drainage areas less than 20.7 square miles and 3 had activechannel widths less than 15 feet, which were outside the ranges used to develop the regression equations.
INTRODUCTION
During the 1996 drought in New Mexico, the U.S. Geological Survey, in cooperation with the City of Alamogordo and the Department of the Air Force, began a study to appraise the water resources of the Tularosa Basin ( fig. 1 ). Streamflow at mountain fronts throughout New Mexico is a substantial component of recharge to alluvial aquifers (Kernodle and Scott, 1986) . The mean annual Streamflow is an estimate of the potential annual recharge to an aquifer that is commonly used in ground-water models (Kernodle and Scott, 1986; Wilkins, 1986; Kernodle and others, 1987) .
Two regional regression methods have been developed for southern New Mexico to estimate mean annual Streamflow (Waltemeyer, 1993) . The basinclimatic characteristics method uses drainage area and mean annual precipitation to estimate mean annual Streamflow. The channel-geometry characteristics method uses active-channel width to estimate mean annual Streamflow. This report presents estimates of mean annual Streamflow available for potential recharge to the Tularosa Basin at or near mountain fronts.
The Tularosa Basin is a closed basin with numerous playa lakes. The basin is bounded on the eastern side by the Sacramento Mountains and on the western side by the San Andres Mountains ( fig. 1 ). The Sacramento Mountains receive about twice as much annual precipitation than the San Andres Mountains mainly because the Sacramento Mountains are higher in altitude (about 9,000 to 10,000 feet) than the San Andres Mountains (about 7,000 feet). Snowmelt in the Sacramento Mountains sustains perennial Streamflow at or near mountain fronts. In contrast, precipitation in the San Andres Mountains occurs mostly as rainfall, and the mountains have little or no snowmelt to sustain Streamflow. In subbasins adjacent to the San Andres Mountains, Streamflow is ephemeral, occurring only in direct response to rainfall. 
ESTIMATES OF MOUNTAIN-FRONT STREAMFLOW AVAILABLE FOR POTENTIAL RECHARGE TO THE TULAROSA BASIN, NM ESTIMATES OF STREAMFLOW AT SELECTED MOUNTAIN FRONTS
Two regional streamflow regression methods for estimating annual streamflow have been developed for southern New Mexico (Waltemeyer, 1993) : the basinclimatic characteristics method and the channelgeometry characteristics method. Typically the standard error of estimate of equations derived from channel-geometry characteristics is less than the standard error of estimate derived from basin-climatic characteristics.
The basin-climatic characteristics method was used to estimate mean annual streamflow in all 46 subbasins ( fig. 1 ) in the Tularosa Basin. Streamflow estimates derived using the channel-geometry characteristics method were not completed in 34 subbasins because of the safety hazard of live munitions in these subbasins, which precluded active channel-width measurements. The streamflow estimates determined by both methods are listed in table 1.
Basin-Climatic Characteristics Method
Drainage area and mean annual precipitation were statistically significant independent variables in the relation with mean annual streamflow at 13 streamflow-gaging stations in southern New Mexico (Waltemeyer, 1993) . The equation used to estimate mean annual streamflow at or near mountain fronts in 46 subbasins in the Tularosa Basin is:
where Qa = mean annual streamflow, in cubic feet per second; A = drainage area, in square miles; and P = mean annual precipitation, in inches.
The exponents of drainage area and mean annual precipitation in the Waltemeyer (1993) report were reversed. A geographical information system was used, along with digital elevation models, to obtain drainage areas. A digital line coverage was superimposed over mean annual precipitation (U.S. Weather Bureau, no date) in subbasins in the Tularosa Basin (table 1) for a basin average precipitation (weighted by area). Drainage areas ranged from 0.87 to 157 square miles, and mean annual precipitation ranged from 11.80 to 24.89 inches. Estimated mean annual streamflow available for potential recharge ranged from 0.03 to 24.2 cubic feet per second.
Channel-Geometry Characteristics Method
Active-channel width is a statistically significant independent variable in relation to mean annual streamflow at six streamflow-gaging stations in southern New Mexico (Waltemeyer, 1993) . The equation used to estimate mean annual streamflow at mountain fronts in 12 selected subbasins in the Tularosa Basin is:
where W = active-channel width, in feet.
Active-channel width ranged from 4 to 56 feet in the 12 subbasins. Mean annual streamflow estimates derived using this method ranged from 0.36 to 24.1 cubic feet per second (table 1) .
Comparison of the Results of the Methods
A comparison in 12 subbasins of mean annual streamflow estimates derived using the basin-climatic and channel-geometry characteristics methods is shown in figure 2 . The basin-climatic method estimates mean annual streamflows of less than about 1 cubic foot per second for six subbasins that are outside of the recommended drainage area range of the regression model (subbasins 2, 14,16,17,18, and 19) (fig. 2) . In comparison, the channel-geometry method estimates larger mean annual streamflows for 11 of the 12 subbasins except for the largest basin (11,157 square miles), which may be underestimated. In similar investigations having larger data sets (Hedman and Osterkamp, 1982) channel-geometry method relations have less standard error of estimate than the basinclimatic method. Total estimated mean annual streamflow available for potential recharge from the Sacramento Mountains to the Tularosa Basin is about 66 cubic feet per second or 47,800 acre-feet. The San Andres Mountains provide an estimated mean annual streamflow of about 29 cubic feet per second or 21,000 acre-feet at the mountain fronts. Therefore, total streamflow assumed to be available for potential recharge to the Tularosa Basin is about 95 cubic feet per second or 68,800 acre-feet for an average year using the basin-climatic characteristics method. Direct recharge from precipitation to the Tularosa Basin is assumed to be lost to evapotranspiration, and mountain-front recharge is potential recharge to the basin.
LIMITATIONS AND ACCURACY OF THE METHODS
Using the two regression equations to estimate mean annual streamflow for the 46 subbasins needs to be limited to specific ranges for the characteristics for which the equations are based (Waltemeyer, 1993) . The limitations were (1) drainage area of subbasins ranging from 20.7 to 184 square miles, (2) mean annual precipitation ranging from 6.0 to 25 inches, and (3) active-channel width ranging from 15 to 55 feet. Of 46 subbasins, 31 had drainage areas less than 20.7 square miles and 3 had active-channel widths less than 15 feet. Therefore, comparison of estimates indicates that for basins less than 20.7 square miles and for channel widths less than 15 feet, mean annual streamflow may be less using the basin-climatic method. These subbasins and channel widths are outside the ranges of the basin-climatic variables used to develop the regression model ( fig. 2, table 1) . Therefore, streamflow estimated using the channel-geometry methods generally produces higher estimates ( fig. 2) . Thus, estimates derived using channel-geometry methods may be more applicable.
SUMMARY
Streamflow at mountain fronts is a substantial component of potential recharge to the Tularosa Basin in southern New Mexico. Mean annual streamflow at mountain fronts available for potential recharge to the basin was estimated using two regional regression methods. The basin-climatic characteristics method was used in all 46 subbasins to estimate streamflow.
Streamflow estimates derived using the channelgeometry characteristics method were not completed in 34 subbasins because a safety hazard of live munitions in these subbasins precluded necessary channel-width measurement data collection. Drainage areas for the subbasins ranged from 0.87 to 157 square miles, and mean annual precipitation ranged from 11.80 to 24.89 inches.
Estimates of streamflow derived by both methods were compared for 12 subbasins. Comparison of estimates indicates that channel-geometry methods generally produces higher estimates. The total estimated mean annual streamflow for potential recharge from the Sacramento Mountains to the Tularosa Basin is about 66 cubic feet per second or 47,800 acre-feet. The San Andres Mountains provide an estimated mean annual streamflow of about 29 cubic feet per second or 21,000 acre-feet at the mountain fronts. Mean annual streamflow at mountain fronts assumed to be available for potential recharge to the basin is about 95 cubic feet per second or 68,800 acrefeet for an average year using the basin-climatic characteristics method.
